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IN THE CLAIMS CANCEL 

Please cancel claims 1-11, without prejudice. 

IN THE CLAIMS ADD 

Please add claims 12-22 as follows: 

12. A pneumatic actuator comprising: 

- a housing wherein the housing includes: 

- a pneumatic cylinder having an axis; 

- at least one piston that can move inside the cylinder in the direction of the axis 
of the cylinder, wherein the piston, together with the cylinder delimits a working 
space; 

- the at least one piston including teeth which extend in the direction of the axis of 
the cylinder; 

- a shaft which can rotate in an axial direction whose axial direction is 
perpendicular to the axis of the cylinder; 

- the shaft having teeth that engage with the teeth of the at least one piston, 
characterized in that the piston fixes the shaft in its axial direction by means of 
positive engagement. 

13. The pneumatic actuator according to claim 12, characterized in that the shaft has at least 
one peripheral groove that engages with a segment of the at least one piston running in the axial 
direction. 

14. The pneumatic actuator according to claim 12, characterized in that the shaft has two 
bearing sites that form the areas where the shaft has its greatest diameter. 

15. The pneumatic actuator according to claim 12, characterized in that the shaft is mounted 
directly in the housing at two bearing sites. 
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16. The pneumatic actuator according to claim 14, characterized in that the bearing sites of 
the shaft essentially have the same diameter. 

17. The pneumatic actuator according to claim 13, characterized in that the groove is a 
peripherally cut groove. 

18. The pneumatic actuator according to claim 12, characterized in that each of the at least 
one piston has a total of two segments, wherein the segments are positioned adjacent the piston 
teeth. 

19. The pneumatic actuator according to claim 12, characterized in that the at least one piston 
is made of plastic. 

20. The invention according to claim 14, wherein the pneumatic actuator includes a working 
area in the area of the bearing sites of the shaft; 

- the working area being sealed from the exterior by means of sealing rings that are placed 

in a groove of the shaft 

21 . A method to mount an actuator according to claim 14, characterized in that the shaft is 
inserted in the bearing sites, and then the at least one piston is engaged with the shaft. 

22. The method according to claim 21, characterized in that the shaft is held in the bearing 
sites without additional fasteners. 

IN THE SPECIFICATION 

Pursuant to 37 C.F.R. 1.125, please delete the present specification (all parts other than 
the claims) and replace it with the attached "Clean copy of Substitute Specification and of 
Abstract." The "Substitute" Specification contains no new matter . Pursuant to the rules. 
Applicant has likewise attached an "Original English translation of the Specification with 
markings to show changes" (as a marked up version of the Substitute Specification). 
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REMARKS 

Applicant respectfully submits that no new matter was added to the new claims or 
Substitute Specification. Such changes were added solely for conformance with U.S. practice 
(i.e. removal of multiple dependencies, clarifications due to translation issues, adding an 
"Abstract" and identifying the application by proper headings). All such changes have been 
made prior to substantive U.S. Examination and not in view of any prior art. 

Upon entry of the foregoing, the application is in condition for substantive examination at 
the present time. 

Should anything further be required, a telephone call to the undersigned, at (312) 226- 
1 8 1 8, is respectfully invited. 

Respectfully submitted, 
FACTOR & PARTNERS, LLC 

Dated: February 26, 2002 
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SUMMARY OF THE INVENTION 



[00004] 



Since the invention provides that the piston fixes the shaft in its axial direction by 



means of a keyed fit, the shaft can move axially until the piston is inserted and hence be moved 
5 into its position without additional fasteners. As soon as the piston is inserted, the positive 
engagement fixes the shaft axially which is brought about in the state of the art by means of an 
end bracket and snap rings. 



peripheral groove that engages with a segment of the piston running in an axial direction. When 
1 0 the shaft also has two bearing sites that form the areas where the shaft has the largest diameter, 
the shaft can be easily guided from the outside into the housing and fits in the area of the bearing 
sites. Separate bearings are essentially dispensable when the shaft is mounted directly in the 
housing at two bearing sites. The shaft is mounted with minimal force when the bearing sites of 
the shaft essentially have the same diameter and thereby eliminate pressure in both directions. 
1 5 This also increases the length of time the shaft remains fixed at the segments and grooves. 

[00006] It is particularly easy to create the groove when manufacturing the shaft when the 
groove is a peripherally cut groove. A symmetrical arrangement that allows the use of two 
identical piston results when each piston has two segments neighboring the teeth. In addition, 
the working area at the bearing sites of the shaft can also be sealed from the exterior by means of 
20 sealing rings made of rubber or plastic lying in a shaft groove. 

[00007] A particularly advantageous method to mount the described actuator results when 

the shaft is first inserted into the bearing sites and then the piston(s) is engaged with the shaft so 
that the shaft is fixed in an axial direction without additional fasteners and, in particular, is held 
in the bearing sites. 



[00005] 



A particularly simple embodiment results when the shaft has at least one 



25 
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BREIF DESCRIPTION OF THE DRAWINGS 

[00008] An exemplary embodiment of the present invention will be described with 

reference to the following drawings, wherein: 
5 [00009] Fig. 1 is a cross-section of an actuator according to the present invention 

following the axial direction of the shaft viewed in direction of the lengthwise axis of the 
cylinder; and 

[00010] Fig. 2 is a cross-section of an actuator following the lengthwise axis of the 
cylinder. The perspective coincides with the axial direction of the shaft. 

10 
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DETAILED DESCRIPTION OF THE DRAWING 

[0001 1] Fig. 1 illustrates a pneumatic actuator according to the invention with a housing 1, 

a shaft 3 mounted in the housing that rotates around an axis of 2, and two pneumatic pistons 4 
5 and 5. The inside of the housing 1 forms a cylindrical hole 6 in which the pistons 4 and 5 are 
inserted to form a sealed working area. The lengthwise axis of the hole 6 is perpendicular to the 
plane of projection. 

[00012] The shaft 3 is essentially rotational symmetrical and has the following sections 

from bottom to top in Fig. 1 : 

1 0 [000 1 3] The bottom end of the shaft forms a bearing area 1 0 that also represents the site 

where the shaft 3 has greatest diameter. Abutting bearing area 10 is a cut groove 1 1 with a 
boxlike cross-section. Adjacent to the groove 1 1 are teeth 12 like a pinion with teeth flanks 
parallel to the axis 2. The top end of the teeth 12 in tum abut a peripherally cut groove 13 that 
neighbors a bearing area 14. The bearing area 14 of the shaft 3 is also flush with the outside of 

15 the housing 1 like bearing area 10. On the top end of the shaft 3 in Fig. 1 is a conventional 
dihedron 15. 

[00014] The pistons 4 and 5 as represented in Fig. 1 are cut where they engage with the 

shaft 3. At this area, the pistons 4 and 5 have outwardly projecting teeth 20 like a pinion that 
mesh with the teeth 12 of the shaft 3. The axial edges of the teeth 20 each abut a segment 21 that 

20 is formed as a single piece with the pistons 4 and 5, and that engages in the grooves 1 1 and 13. 
The housing 1 has a through hole that runs in the direction of the axis 2 and that vertically 
intersects the middle of the midaxis of the cylinder 6. This hole forms bearing sites 22 that, 
together with bearing sites 10 and 14 of the shaft 3, form a friction bearing to rotate the shaft 
around the axis 2. In the area of the bearing sites 22, the interior of the cylinder 6 is sealed from 

25 the atmosphere with sealants (not shown) such as O-rings. 

[00015] Fig. 2 shows the actuator from Fig. 1 in a cross-section along the axis of the 

cylinder 6. The axis 2 of the shaft 3 is perpendicular to the plane of projection in the drawing in 
Fig. 2. The same components have the same reference numbers. 

[00016] Fig. 2 illustrates how the pistons 4 and 5 symmetrically surround the shaft 3. The 

30 pistons 4 and 5 bear sealing piston heads 30 that interact with the cylinder 6 and that abut the 

pinion-like area with the teeth 20. Plate-like cylinder heads 31 seal the housing 1 at the faces of 
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the cylindrical hole 6. The pistons 4, 5, the cylindrical hole 6 and the cylinder heads 3 1 thereby 
delimit a total of three working areas 32, 33 and 34 of which working areas 32 and 34 have a 
pneumatic parallel connection, and working area 33 can independently receive pressure. 
Corresponding connection holes for working areas 32, 33 and 34 are identified with reference 
5 numbers 35, 36 and 37, 

[00017] In practice, the actuator under consideration is mounted by first inserting the shaft 

3 along the direction of the axis 2 into the housing 1, or more precisely, into the through hole 
with the bearing sites 22 until the position in Fig. 1 is reached. Then proceeding from the open 
ends of the cylindrical hole 6, a piston is inserted on each side of the shaft 3 so that the teeth 20 

10 engage with the teeth 12. At the same time, the segments 21 that run parallel to the teeth 12 
engage in the grooves 11,13. The pistons 4, 5 are then pressed symmetrically into the hole 6. 
This rotates the shaft 3 on its axis 2, the teeth 12 and 20 engage with each other, and the 
segments 21 slide in the grooves 11,13. The positive engagement of segments 21 in the grooves 
11,13 fixes the shaft in the direction of the axis 2 without additional fasteners being required. 

1 5 The cylinder 6 is sealed with the cylinder heads 3 1 and provided with the required pneumatic 
connections. 

[0001 8] When the actuator is used, working area 33 (for example) is supplied with 

pressure so that the pistons 4 and 5 are pushed apart. In the drawing in Fig. 2, this causes the 
shaft 3 to rotate counterclockwise while the working areas 32 and 34 are vented. As would be 

20 understood by those having ordinary skill in the art, for the shaft 3 to rotate clockwise, the 
working areas 32 and 34 are supplied with pressure while working areas 33 is vented. 
[00019] It is preferable for the grooves as portrayed in this exemplary embodiment to abut 

the side of the teeth 12, and for the pistons 4 and 5 to each have two segments 21 . The outer 
edge of the segments 21 slides to contact the outer walls of the grooves 11,13 during operation, 

25 while the segments 21 are at a slight distance from the teeth 12. The shaft 3 is only guided 
axially during operation by the flanks of the pistons. 

[00020] In the present case, the preferred materials for an actuator according to the 

invention are aluminum for the housing 1 and the shaft 3, and plastic for the pistons 4 and 5. The 
seal at the bearing sites can be attained by self lubricating plastics. Other materials or 
30 combinations of materials are equally conceivable, however. The bearing only receives a small 
amount of stress during operation since it is an actuator as used for actuating valves. 
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[00021] The foregoing description merely explains and illustrates the invention and the 

invention is not limited thereto except insofar as the appended claims are so limited, as those 
skilled in the art who have the disclosure before them will be able to make modifications without 
5 departing from the scope of the invention. 
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ABSTRACT 

[00022] A pneumatic actuator having a pneumatic cylinder. At least one piston is 

movably positioned within the cylinder. The piston includes teeth which extend in the 
5 longitudinal direction of the cylinder. The teeth engage with teeth of a rotatable shaft which 
rotates peipendicular to the axis of the cylinder. 
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TITILE OF THE INVENTION 
SHAFT MOUNTING 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention [concerns] is directed to a pneumatic actuator [with the features of 
the preamble of claim 1]. 

2, Background Art 

[Such an actuator is] Pneumatic actuators are known in the prior art [from] such as. for 
example German utility model G90 14487.2. In prior-art actuators, the drive shaft is mounted in 
the housing with two end brackets. The end brackets are inserted into the housing from the 
inside that forms the cylinder, and the shaft is also fixed in an axial direction from the inside with 
exterior lock washers or snap rings. Installing the bearing and the lock washers from the work 
area of the cylinder is a rather difficult manual job which gives rise to undesirable costs. 

It is therefore [the problem] an object of the present invention to improve a pneumatic 
actuator so that the shaft and pistons can be more easily installed in the housing with fewer 
required parts. 

[This problem is solved with an actuator that has the features of claim 1 .] 
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SUMMARY OF THE INVENTION 

Since the invention provides that the piston fixes the shaft in its axial direction by means 
of a keyed fit, the shaft can move axially until the piston is inserted and hence be moved into its 
position without additional fasteners. As soon as the piston is inserted, the positive engagement 
fixes the shaft axially which is brought about in the state of the art by means of [the] an end 
bracket and snap rings. 

A particularly simple embodiment results when the shaft has at least one peripheral 
groove that engages with a segment of the piston running in an axial direction. When the shaft 
also has two bearing [areas] sites that form the areas where the shaft has the largest diameter, the 
shaft can be easily guided from the outside into the housing and fits [and] in the area of the 
bearing sites. Separate bearings are essentially dispensable when the shaft is mounted directly in 
the housing at two bearing sites. The shaft is mounted with minimal force when the bearing sites 
of the shaft essentially have the same diameter and thereby eliminate pressure in both directions. 
This also increases the length of time the shaft remains fixed at the segments and grooves. 

It is particularly easy to create the groove when manufacturing the shaft when the groove 
is a peripherally cut groove. A symmetrical arrangement that allows the use of two identical 
piston results when each piston has two segments neighboring the teeth. In addition, the working 
area at the bearing sites of the shaft can also be sealed from the exterior by means of sealing 
rings made of rubber or plastic lying in a shaft groove. 

A particularly advantageous method to mount the described actuator results when the 
shaft is first inserted into the bearing sites and then the piston(s) is engage[s]ed with the shaft so 
that the shaft is fixed in an axial direction without additional fasteners and, in particular, is held 
in the bearing sites. 



BRIEF DESCRIPTION OF THE DRAWINGS 



An exemplary embodiment of the present invention will be described [in the following] 
with reference to the following drawings[.] . wherein 

[Shown are:] 

Fig. 1[: A] isa cross-section of an actuator according to the present invention 
following the axial direction of the shaft viewed in direction of the lengthwise axis of the 
cyhnder; and 

Fig. 2[: A] is_a cross-section of an actuator following the lengthwise axis of the 
cylinder. The perspective coincides with the axial direction of the shaft. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a pneumatic actuator according to the invention with a housing 1, a shaft 

3 mounted in the housing that rotates around an axis of 2, and two pneumatic pistons 4 and 5. 
The inside of the housing 1 forms a cyHndrical hole 6 in which the pistons 4 and 5 are inserted to 
form a sealed working area. The lengthwise axis of the hole 6 is perpendicular to the plane of 
projection. 

The shaft 3 is essentially rotational symmetrical and has the following sections from 
bottom to top in Fig. 1 : 

The bottom end of the shaft forms a bearing area 10 that also represents the site where the 
shaft 3 has greatest diameter. Abutting bearing area 10 is a cut groove 1 1 with a boxlike cross- 
section. Adjacent to the groove 1 1 are teeth 12 like a pinion with teeth flanks parallel to the axis 
2. The top end of the teeth 12 in tum abut a peripherally cut groove 13 that neighbors a bearing 
area 14. The bearing area 14 of the shaft 3 is also flush with the outside of the housing 1 like 
bearing area 10. On the top end of the shaft 3 in Fig. 1 is a conventional dihedron 15. 

The pistons 4 and 5 as represented in Fig. 1 are cut where they engage with the shaft 3. 
At this area, the pistons 4 and 5 have outwardly projecting teeth 20 like a pinion that mesh with 
the teeth 12 of the shaft 3. The axial edges of the teeth 20 each abut a segment 21 that is formed 
as a single piece with the pistons 4 and 5, and that engages in the grooves 1 1 and 13. The 
housing 1 has a through hole that runs in the direction of the axis 2 and that vertically intersects 
the middle of the midaxis of the cylinder 6. This hole forms bearing sites 22 that, together with 
bearing sites 10 and 14 of the shaft 3, form a friction bearing to rotate the shaft around the axis 2 

In the area of the bearing sites 22, the interior of the cylinder 6 is sealed from the atmosphere 
with sealants (not shown) such as O-rings. 

Fig. 2 shows the actuator from Fig. 1 in a cross-section along the axis of the cylinder 6. 
The axis 2 of the shaft 3 is perpendicular to the plane of projection in the drawing in Fig. 2. The 
same components have the same reference numbers. 

Fig. 2 illustrates how the pistons 4 and 5 symmetrically surround the shaft 3. The pistons 

4 and 5 bear sealing piston heads 30 that interact with the cylinder 6 and that abut the pinion-like 
area with the teeth 20. Plate-like cylinder heads 3 1 seal the housing 1 at the faces of the 
cylindrical hole 6. The pistons 4, 5, the cylindrical hole 6 and the cylinder heads 31 thereby 



6 

delimit a total of three working areas 32, 33 and 34 of which working areas 32 and 34 have a 
pneumatic parallel connection, and working area 33 can independently receive pressure. 
Corresponding connection holes for working areas 32, 33 and 34 are identified with reference 
numbers 35, 36 and 37. 

In practice, the actuator under consideration is mounted by first inserting the shaft 3 
along the direction of the axis 2 into the housing 1, or more precisely, into the through hole with 
the bearing sites 22 until the position in Fig. 1 is reached. Then proceeding from the open ends 
of the cylindrical hole 6, a piston is inserted on each side of the shaft 3 so that the teeth 20 
engage with the teeth 12. At the same time, the segments 21 that run parallel to the teeth 12 
engage in the grooves 11,13. The pistons 4, 5 are then pressed symmetrically into the hole 6. 
This rotates the shaft 3 on its axis 2, the teeth 12 and 20 engage with each other, and the 
segments 21 slide in the grooves 11,13. The positive engagement of segments 21 in the grooves 
11,13 fixes the shaft in the direction of the axis 2 without additional fasteners being required. 
The cylinder 6 is sealed with the cylinder heads 31 and provided with the required pneumatic 
connections. 

When the actuator is used, working area 33 (for example) is supplied with pressure so 
that the pistons 4 and 5 are pushed apart. In the drawing in Fig. 2, this causes the shaft 3 to rotate 
counterclockwise while the working areas 32 and 34 are vented. [For] As would be understood 
bv these having ordinary skill in the art, the shaft 3 to rotate clockwise, the working areas 32 and 
34 are supplied with pressure while working areas 33 is vented. [This method is known from the 
state-of-the-art.] 

It is preferable for the grooves as portrayed in this exemplary embodiment to abut the 
side of the teeth 12, and for the pistons 4 and 5 to each have two segments 21. The outer edge of 
the segments 21 slides to contact the outer walls of the grooves 11,13 during operation, while 
the segments 21 are at a slight distance from the teeth 12. The shaft 3 is only guided axially 
during operation by the flanks of the pistons. 

In the present case, the preferred materials for an actuator according to the invention are 
aluminum for the housing 1 and the shaft 3, and plastic for the pistons 4 and 5. The seal at the 
bearing sites can be attained by self lubricating plastics. Other materials or combinations of 
materials are equally conceivable, however. The bearing only receives a small amount of stress 
during operation since it is an actuator as used for actuating valves. 



The foregoing description merely explains and illustrates the inventio n and the invention 
is not limited thereto except insofar as the appended claims are so limited, as those skilled in the 
art who have the disclosure before them will be able to make modifications without departing 
from the scope of the invention. 
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ABSTRACT 

A pneumatic actuator having a pneumatic cylinder. At lease one piston is movable 
positioned within the cylinder. The piston includes teeth which extend in the longitudinal 
direction of the cylinder. The teeth engage with teeth of a rotatable shaft which rotates 
perpendicular to the axis of the cylinder. 
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TITLE OF THE INVENTION 

SHAFT MOUNTING 
5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[00001] The present invention is directed to a pneumatic actuator 

10 2 . Background Art 

[00002] Pneumatic actuators are known in the prior art such as, for example, German 

utility model G90 14487.2. In prior-art actuators, the drive shaft is mounted in the housing with 
two end brackets. The end brackets are inserted into the housing from the inside that forms the 
cylinder, and the shaft is also fixed in an axial direction from the inside with exterior lock 

1 5 washers or snap rings. Installing the bearing and the lock washers from the work area of the 
cylinder is a rather difficult manual job which gives rise to undesirable costs. 
[00003] It is therefore an object of the present invention to improve a pneumatic actuator 
so that the shaft and pistons can be more easily installed in the housing with fewer required parts. 
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The present invention concerns a pneumatic actuator with the features of the preamble of 
claim L 

Such an actuator is prior art from German utility model G90 14487.2, In prior-art 
actuators, the drive shaft is mounted in the housing with two end brackets. The end 
brackets are inserted into the housing from the inside that forms the cylinder, and the 
shaft is also fixed in an axial direction from the inside with exterior lock washers or snap 
rings. Installing the bearing and the lock washers from the work area of the cylinder is a 
rather difficult manual job which gives rise to undesirable costs. 

It is therefore the problem of the present invention to improve a pneumatic actuator so 
that the shaft and pistons can be more easily installed in the housing with fewer required 
parts. 

This problem is solved with an actuator that has the features of claim 1 . 

Since the invention provides that the piston fixes the shaft in its axial direction by means 
of a keyed fit, the shaft can move axially until the piston is inserted and hence be moved 
into its position without additional fasteners. As soon as the piston is inserted, the 
positive engagement fixes the shaft axially which is brought about in the state of the art 
by means of the end bracket and snap rings. 

A particularly simple embodiment results when the shaft has at least one peripheral 
groove that engages with a segment of the piston running in an axial direction. When the 
shaft also has two bearing areas that form the areas where the shaft has the largest 
diameter, the shaft can be easily guided from the outside into the housing and fits and the 
area of the bearing sites. Separate bearings are essentially dispensable when the shaft is 
mounted directly in the housing at two bearing sites. The shaft is mounted with minimal 
force when the bearing sites of the shaft essentially have the same diameter and thereby 
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eliminate pressure in both directions. This also increases the length of time the shaft 
remains fixed at the segments and grooves. 

It is particularly easy to create the groove when manufacturing the shaft when the groove 
is a peripherally cut groove. A symmetrical arrangement that allows the use of two 
identical piston results when each piston has two segments neighboring the teeth. In 
addition, the working area at the bearing sites of the shaft can also be sealed from the 
exterior by means of sealing rings made of rubber or plastic lying in a shaft groove. 

A particularly advantageous method to mount the described actuator results when the 
shaft is first inserted into the bearing sites and then the piston(s) is engages with the shaft 
so that the shaft is fixed in an axial direction without additional fasteners and, in 
particular, is held in the bearing sites. 

An exemplary embodiment of the present invention will be described in the following 
with reference to drawings. 

Shown are: 

Fig. 1 : A cross-section of an actuator according to the invention following the 

axial direction of the shaft viewed in direction of the lengthwise axis of 
the cylinder; and 

Fig. 2: A cross-section of an actuator following the lengthwise axis of the 

cylinder. The perspective coincides with the axial direction of the shaft. 

Fig. 1 illustrates a pneumatic actuator according to the invention with a housing 1 , a shaft 
3 mounted in the housing that rotates around an axis of 2, and two pneumatic pistons 4 
and 5. The inside of the housing 1 forms a cylindrical hole 6 in which the pistons 4 and 5 
are inserted to form a sealed working area. The lengthwise axis of the hole 6 is 
perpendicular to plane of projection. 
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The shaft 3 is essentially rotational symmetrical and has the following sections from 
bottom to top in Fig. 1 : 

The bottom end of the shaft forms a bearing area 10 that also represents the site where the 
shaft 3 has greatest diameter. Abutting bearing area 10 is a cut groove 1 1 with a boxlike 
cross-section. Adjacent to the groove 1 1 are teeth 12 like a pinion with teeth flanks 
parallel to the axis 2. The top end of the teeth 12 in turn abut a peripherally cut groove 
13 that neighbors a bearing area 14. The bearing area 14 of the shaft 3 is also flush with 
the outside of the housing 1 like bearing area 10. On the top end of the shaft 3 in Fig. 1 is 
a conventional dihedron 15. 

The pistons 4 and 5 as represented in Fig. 1 are cut where they engage with the shaft 3. 
At this area, the pistons 4 and 5 have outwardly projecting teeth 20 like a pinion that 
mesh with the teeth 12 of the shaft 3. The axial edges of the teeth 20 each abut a segment 
21 that is formed as a single piece with the pistons 4 and 5, and that engages in the 
grooves 1 1 and 13. The housing 1 has a through hole that runs in the direction of the axis 
2 and that vertically intersects the middle of the midaxis of the cylinder 6. This hole 
forms bearing sites 22 that, together with bearing sites 10 and 14 of the shaft 3, form a 
friction bearing to rotate the shaft around the axis 2 . In the area of the bearing sites 22, 
the interior of the cylinder 6 is sealed from the atmosphere with sealants (not shown) 
such as O-rings. 

Fig. 2 shows the actuator from Fig. 1 in a cross-section along the axis of the cylinder 6. 
The axis 2 of the shaft 3 is perpendicular to the plane of projection in the drawing in Fig. 
2. The same components have the same reference numbers. 

Fig. 2 illustrates how the pistons 4 and 5 symmetrically surround the shaft 3. The pistons 
4 and 5 bear sealing piston heads 30 that interact with the cylinder 6 and that abut the 
pinion-like area with the teeth 20. Plate-like cylinder heads 3 1 seal the housing 1 at the 
faces of the cylindrical hole 6. The pistons 4, 5, the cylindrical hole 6 and the cylinder 
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heads 3 1 thereby delimit a total of three working areas 32, 33 and 34 of which working 
areas 32 eind 34 have a pneumatic parallel connection, and working area 33 can 
independently receive pressure. Corresponding connection holes for working areas 32, 
33 and 34 are identified with reference numbers 35, 36 and 37. 

In practice, the actuator under consideration is mounted by first inserting the shaft 3 
along the direction of the axis 2 into the housing 1, or more precisely, into the through 
hole with the bearing sites 22 until the position in Fig. 1 is reached. Then proceeding 
from the open ends of the cylindrical hole 6, a piston is inserted on each side of the shaft 
3 so that the teeth 20 engage with the teeth 12. At the same time, the segments 21 that 
run parallel to the teeth 12 engage in the grooves 11, 13. The pistons 4, 5 are then 
pressed symmetrically into the hole 6. This rotates the shaft 3 on its axis 2, the teeth 12 
and 20 engage with each other, and the segments 21 slide in the grooves 11,13. The 
positive engagement of segments 21 in the grooves 11,13 fixes the shaft in the direction 
of the axis 2 without additional fasteners being required. The cylinder 6 is sealed with 
the cylinder heads 3 1 and provided with the required pneumatic connections. 

When the actuator is used, working area 33 (for example) is supplied with pressure so 
that the pistons 4 and 5 are pushed apart. In the drawing in Fig. 2, this causes the shaft 3 
to rotate counterclockwise while the working areas 32 and 34 are vented. For the shaft 3 
to rotate clockwise, the working areas 32 and 34 are supplied with pressure while 
working areas 33 is vented. This method is known from the state-of-the-art. 

It is preferable for the grooves as portrayed in this exemplary embodiment to abut the 
side of the teeth 12, and for the pistons 4 and 5 to each have two segments 21 . The outer 
edge of the segments 21 slides to contact the outer walls of the grooves 11,13 during 
operation, while the segments 21 are at a slight distance from the teeth 12. The shaft 3 is 
only guided axially during operation by the flanks of the pistons. 

In the present case, the preferred materials for an actuator according to the invention are 
aluminum for the housing 1 and the shaft 3, and plastic for the pistons 4 and 5. The seal 



at the bearing sites can be attained by self lubricating plastics. Other materials or 
combinations of materials are equally conceivable, however. The bearing only receives a 
small amount of stress during operation since it is an actuator as used for actuating 
valves. 
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Patent Claims 

1 . Pneumatic actuator comprising a housing (1) which has a pneumatic cylinder (6), 
and comprising at least one piston (4, 5) that can move inside the cylinder (6) in 
the direction of the axis of the cylinder (6) and, together with the cylinder (6), 
delimits a working space (32, 33, 34), whereby the piston (4, 5) has teeth (20) 
which extend in the direction of the axis, and comprising a shaft (3) which can 
rotate in an axial direction (2) whose axial direction (2) is perpendicular to the 
axis, and which has teeth (12) that engages with the teeth (20) of the piston (4, 5), 
characterized in that the piston (4,5) fixes the shaft (3) in its axial direction (2) 
by means of positive engagement. 

2. Actuator according to claim 1, characterized in that the shaft (3) has at least one 
peripheral groove (11, 13) that engages with a segment (21) of the piston (4,5) 
running in the axial direction. 

3. Actuator according to one of the prior claims, characterized in that the shaft (3) 
has two bearing areas (10, 14) that form the areas where the shaft (3) has the 
greatest diameter. 

4. Actuator according to one of the prior claims, characterized in that the shaft (3) 
is mounted directly in the housing (1) at two bearing sites (22). 

5. Actuator according to one of the prior claims, characterized in that the bearing 
sites (10, 14) of the shaft of (3) essentially have the same diameter. 

6. Actuator according to one of the prior claims, characterized in that the groove 
(11, 13) is a peripherally cut groove. 

7. Actuator according to one of the prior claims, characterized in that each piston 
(4,5) has a total of two of the segments (21) neighboring the teeth (20). 
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8. Actuator according to one of the prior claims, characterized in that the pistons 
(4,5) are made of plastic. 

9. Actuator according to one of the prior claims, characterized in that the working 
area (33) in the area of the bearing sites (11, 14) of the shaft (3) is sealed from the 
exterior by means of sealing rings that are placed in a groove of the shaft (3). 

10: Method to mount an actuator according to one of the prior claims, characterized 
in that first the shaft (3) is inserted in the bearing sites (22), and then the piston(s) 
(4,5) engage with the shaft (3). 



11. 



Method according to claims 10, characterized in that the shaft (3) is held in the 
bearing sites (22) without additional fasteners. 
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(57) Abstract: The invention 
relates to a pneumatic actuator 
comprising a housing (1), which 
has a pneumatic cylinder (6), 
and comprising at least one 
piston (4, 5). Said piston can 
move inside the cyUnder (6) 
in the direction of the axis of 
the cylinder (6) and, together 
with the cylinder (6), delimits a 
working space (32, 33, 34). The 
piston (4, 5) has a gearing (20) 
which extends in a direction 
of the axis. The inventive 
pneumatic actuator also 
comprises a shaft (3) which can 
rotate around an axial direction 
(2), whose axial direction (2) is 
vertical in relation to the axis, 
and which has a gearing (12) 
that engages with the gearing 
(20) of the piston (4, 5). A less 
complex structure is obtained by 
virtue of the fact that the piston 
(4, 5) fixes the shaft (3) with 
positive engagement in the axial 
direction thereof (2). 
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